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Background: Cyclophosphamide is an established bladder
carcinogen, but few studies have examined the relationship
between dose and effect. The largest analysis to date in-
cluded only seven cases of bladder cancer. No investigation
has estimated the risk of kidney cancer. Purpose: The pur-
pose of this study was to quantify the risk of bladder and
kidney cancer following cyclophosphamide therapy.
Methods: Within a cohort of 6171 two-year survivors of non-
Hodgkin’s Iymphoma (NHL), 48 patients with secondary
cancer of the urinary tract were identified and matched to
136 control subjects with NHL who did not develop a second
malignancy. Detailed information on chemotherapeutic
drugs and cumulative dose received was collected for all
subjects. Radiation dose to the target organ was estimated
from individual radiotherapy records. Evaluations of the
risk of second cancer as a result of treatment with
cyclophosphamide alone, radiation alone, or both therapies
were made relative to those patients who were exposed to
neither treatment modality. Results: A significant 4.5-fold
risk of bladder cancer (95% confidence interval [CI] = 1.5-
13.6) followed therapy with cyclophosphamide, and risk was
dependent upon cumulative dose. Among patients who
received a total amount of cyclophosphamide of less than 20
g, a nonsignificant 2.4-fold risk of bladder cancer was ap-
parent. Significantly elevated sixfold (95% CI = 1.3-29) and
14.5-fold (95% CI = 2.3-94) risks of bladder malignancy fol-
lowed cumulative doses of 20-49 g and 50 g or more, respec-
tively (P value for trend = .004). Radiotherapy given without
cyclophosphamide was associated with a nonsignificant in-
creased risk of bladder malignancy. Excess bladder cancer
risk following treatment with both radiotherapy and
cyclophosphamide was as expected if individual risks were
summed. Neither radiotherapy nor cyclophosphamide was
associated with excesses of kidney cancer. Conclusions:
Cyclophosphamide-related bladder cancer is dose depend-
ent. For patients given cumulative doses between 20 and 49
g, the absolute risk of bladder cancer is on the order of three
excess cancers per 100 NHL patients after 15 years of fol-
low-up. At cumulative doses of 50 g or more, the excess risk
increases to approximately seven excess bladder cancers per
100 NHL patients. Implications: The strong dose-response

relationship and high absolute risk of bladder cancer under-
score the importance of limiting the cumulative dose of
cyclophosphamide to what is required to achieve therapeutic
end points. The risk of secondary bladder malignancy and
other late sequelae of therapy must be carefully weighed
against the curative gains provided by cyclophosphamide.
Moreover, long-term side effects of therapy that might be
acceptable in cancer treatment may need to he re-evaluated
for patients with non-neoplastic disorders. [J Natl Cancer
Inst 87:524-530, 1995]

Although the first case report linking cyclophosphamide with
the development of bladder cancer appeared more than 20 years
ago (1), the precise level of risk from this exposure is not
known. Only two analytic studies (2,3) have evaluated bladder
malignancy following cyclophosphamide treatment, and neither
described a dose–response relationship. The largest study (3) to
date provided an overall risk estimate based on only seven cases
of cyclophosphamide-related bladder cancer; no investigation
has estimated the risk of secondary kidney cancer. Since
cyclophosphamide is now utilized to treat both neoplastic and
non-neoplastic disease in 500000 patients worIdwide each year
(4), further assessment of its long-term carcinogenic potential is
important.

In an earlier study (5), we reported significantly increased
risks of bladder and kidney cancer among 6171 two-year sur-
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vivors of non-Hodgkin’s lymphoma (NHL) compared with the separately for bladder cancer case and control subjects and for kidney cancer

 general population (P<.05). Since cyclophosphamide is widely              case and control subjects.   

used in the therapy of NHL, nested case–control studies were Subjects were considered exposed if they received cyclophosphamide for 1
month or more (14,15) or more than 0.5 Gy of radiation to the target organ

undertaken within this group of patients to explore the relation- (bladder or kidney) 06). TO allow an adequate latent period for radiation car-
ship of secondary urinary tract cancers to prior treatment. cinogenesis, we utilized only radiotherapy givers mote than 5 years prior to the

Detailed radiotherapy data were collected to evaluate any inter- diagnosis of either a second bladder or kidney cancer (or an equivalent date for

action between radiation and cyclophosphamide in the develop- control subjects) in the analysis (16). This represented approximately 81% and

ment of these second malignancies. 90%, respectively, of all radiation dose administered to bladder cancer case and
control subjects and 71% of all dose given to both kidney cancer case and con-

Subjects and Methods

Study Subjects

Case-control studies of secondary cancers of the bladder and kidney were
conducted among NHL patients identified by three regional cancer registries (the
State Health Registry of Iowa, The Ontario Cancer Registry, and The Swedish
Cancer Register) and the affiliated tumor registries of The Netherlands Cancer
Institute and the Dr. Daniel den Hoed Cancer Center (5). Eligibility criteria for
this cohort, as outlined previously, included the following: 1) a diagnosis of
NHL as a first primary cancer from January 1, 1965, through December 31,
1980; 2) age between 18 and 70 years at the time of initial diagnosis of NHL;
and 3) survival of 2 or more years without the development of a second invasive
primary malignancy (5). In addition, subjects received initial management at
selected major hospitals except in Sweden, where all patients who met study
entry criteria were included. The final cohort consisted of 6171 NHL patients.

Review of pathology records for reported second urinary tract cancers con-
firmed 31 transitional cell carcinomas of the bladder and 17 renal cell car-
cinomas. No transitional cell carcinomas of the renal pelvis or ureter, which
have been previously reported following cyclophosphamide therapy (6-f O), were
identified. For each secondary cancer, three control subjects were chosen by ran-
dom sampling from the NHL cohort. Matching factors included cancer registry
(or institute in The Netherlands), sex, age, race, calendar year of diagnosis of
NHL, and length of follow-up at least as long as the interval between the case
subject’s diagnosis of NHL and secondary cancer.

Data Abstraction

Demographic and medical record data, including information on all NHL
therapy during the matched time interval, were abstracted onto standardized
forms for all case and control subjects. Data sources included hospitals provid-
ing initial treatment. local medical centers, radiotherapy facilities, and offices of
private physicians. Information on drug dose and length of administration was
collected for all alkylating agents, including cyclophosphamide. For other
cytotoxic agents, abstracted data were limited to dates and duration of ad-
ministration. For 94.6% of the patients (93.8% case subjects and 94.9% control
subjects), information on cumulative dose of cyclophosphamide was available
from all utilized sources. For the remaining subjects, dose was estimated on the
basis of duration of therapy (two case subjects and four control subjects) or im-
puted from the median dose (one case subject and three control subjects).

Radiation dose to the target organ (bladder or kidney) was calculated utiliz-
ing detailed radiotherapy records for each patient. In regions outside the radia-
tion beam, dose was calculated by measurement in water phantoms (f/).
Radiotherapy was primarily administered by megavoltage. Treatment fields typi-
cally included the abdomen or pelvis or both (537o), head and neck only (2270),
chest and/or mantle ( 1670), or other sites (9%).

Information on tobacco use at the time of NHL diagnosis was collected as
available from medical records. We attempted to examine the role of smoking:
however. data were incomplete. Limited evidence suggested that tobacco was
not a confounder in this study, and there is no reason to believe that cyclophos-
phamide-treated patients were more or less likely to smoke than subjects given
other therapies.

Statistical Analysis

The relative risk (RR) of urinary tract cancer associated with cyclophos-
phamide or radiotherapy was estimated by comparing the exposure history of the
case subject with that of individually matched control subjects, utilizing standard
conditional logistic regression programs (12, 13). Analyses were conducted

trol subjects.
Since cyclophosphamide and radiation are established bladder carcinogens,

patients were divided into four mutually exclusive groups baaed on all NHL
treatment: cyclophosphamide without radiotherapy, radiotherapy without
cyclophosphamide, cyclophosphamide with radiotherapy, or neither cyclophos-
phamide nor radiotherapy. Evaluations of the risk of bladder or kidney cancer in
patients treated with cyclophosphamide or radiation were made relative to the
risk in patients who were exposed to neither treatment modality (the referent
category). Likelihood ratio tests were performed to evaluate differences between
treatment groups. Two-sided P values and 95% confidence intervals (CIS) were
calculated for all RRs.

The risk between dose (or duration) of cyclophosphamide and bladder cancer
was estimated by dividing the cumulative dose (or duration) into interval
categories and calculating the RR between each interval category and the
referent group of patients exposed to neither cyclophosphamide nor radiation.
Tests for trend were conducted by assigning the midpoint of the dose or duration
of therapy as the representative score for that category (17).

The excess risk (excess number of cases) of bladder cancer among 100 NHL
patients followed for 15 years was estimated by first multiplying the RR minus 1
by the expected number of bladder cancers per 100 person-years of follow-up. as
estimated from our prior cohort study of NHL patients (0.053 bladder can-
cer/100 person-years) (5). The product was then multiplied by 10, which is the
number of years at risk, assuming a latent period of 5 years before the occur-
rence of treatment-related bladder cancer (5,18,19). For example, a lo-fold risk
of bladder cancer associated with cyclophosphamide would correspond to an ex-
cess of about five cases of bladder cancer per 100 patients over a 15-year period:
(10 - 1)x 0.053 x 10= 4.77.

Results

Characteristics of NHL patients with bladder (n = 31) or kid-
ney (n= 17) cancer and individually matched controls are sum-
marized in Table 1. The median age at diagnosis of NHL was 58
years for patients with secondary bladder cancer and 53 years
for patients with secondary kidney cancer. The median latency
between diagnoses of NHL and bladder or kidney cancer was
8.5 years (range, 3-21 years) and 9.0 years (range, 2-18 years),
respectively.

Bladder Cancer

Cyclophosphamide was administered to 58% of NHL patients
with secondary bladder cancer, compared with 34% of the
matched control subjects (Table 1). Radiotherapy alone (no
cyclophosphamide) was administered to 19% of case subjects
and 18% of control subjects. The cumulative amount of
cyclophosphamide and the radiation dose to the bladder are
presented by treatment group in Table 2. Among subjects
treated with radiotherapy without cyclophosphamide, the
median radiation dose to the bladder was greater for control
(20.4 Gy) than case subjects (12.9 Gy). No control subjects
within this group received chemotherapy, although one case
subject received chlorambucil.

The median cumulative dose of cyclophosphamide among
NHL patients who did not receive radiotherapy was ap-
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proximately threefold greater for the nine case subjects than for control subjects); vincristine, procarbazine, and prednisone
the 20 control subjects within this category (36.8 g and 11.8 g, (COPP) (22) (one case subject and three control subjects); and
respectively). Cyclophosphamide was typically given in com- bleomycin, doxorubicin, vincristine, and prednisone (BACOP)
bination chemotherapy regimens with vincristine and pred- (23) (one case subject and one control subject). Four case sub-
nisone (CVP) (20) (two case subjects and two control subjects); jects and eight control subjects received more than one of the
doxorubicin, vincristine, and prednisone (CHOP) (21) (three above cyclophosphamide-containing regimens, while one case
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subject and three control subjects received therapy with single-
agent cyclophosphamide. Other drugs given to these patients in-
cluded chlorambucil (two case subjects and four control
subjects), carmustine (two control subjects), and melphalan (one
control subject).

Among subjects given both cyclophosphamide and radio-
therapy, the median doses of cyclophosphamide were ap-
proximately equivalent, with larger mean doses among case
subjects than control subjects (25.1 g and 14.8 g, respectively).
Within this treatment group, cyclophosphamide was given in
combination chemotherapy regimens, such as CVP (three case
subjects and three control subjects), CHOP (one case subject
and two control subjects), COPP (one case subject), and
BACOP (three control subjects). One case subject and one con-
trol subject received more than one of the above cyclophos-
phamide-containing regimens, while three case subjects and one
control subject received therapy with single-agent cyclophos-
phamide. Other drugs included chlorambucil (four control sub-
jects), etoposide (one control subject), and cisplatin (one control
subject). The median radiation dose to the bladder was greater
for case (23.8 Gy) than for control (16.2 Gy) subjects. Radio-
therapy preceded cyclophosphamide in seven of the nine case
subjects treated with combined modality therapy.

Radiotherapy given without cyclophosphamide was as-
sociated with a nonsignificant 2.8-fold risk of secondary bladder
cancer compared with subjects whose treatment included neither
radiation nor cyclophosphamide (Table 3). A dose–response
relationship between radiation and bladder cancer risk was not
apparent within this treatment group (P = .42). Cyclophos-
phamide therapy was associated with a significantly elevated
4.5-fold risk of bladder cancer (95% CI = 1.5-13.6). The route
of administration (intravenously or by mouth) of cyclophos-
phamide was not related to subsequent excesses of bladder can-
cer (P = .37). Treatment with other cytotoxic agents or
prednisone did not contribute to bladder cancer risk (P= .73 and
.43, respectively), when cyclophosphamide was taken into ac-
count.

Table 4 shows the RR of bladder malignancy by categories
of cumulative dose of cyclophosphamide or duration of therapy.
A nonsignificant 2.4-fold risk of bladder cancer was evident
among patients who received a cumulative dose of less than 20
g of cyclophosphamide. Significantly elevated sixfold and 14.5-
fold risks of bladder cancer were noted among patients who
received cumulative doses between 20 and 49 g and 50 g or

more, respectively. Bladder cancer excesses increased with in-
creasing cumulative dose of cyclophosphamide (P value for
trend = .004). The duration of cyclophosphamide therapy was
also strongly associated with the risk of bladder cancer. Patients
who received less than 1 year of cyclophosphamide
demonstrated a nonsignificant 2.5-fold risk of bladder cancer.
The risk increased to 3.7-fold and 11.8-fold, respectively,
among subjects who received between 1 and 2 years or 2 or
more years of treatment, respectively (P value for trend= .003).
Excesses of bladder cancer following cyclophosphamide did not
differ by sex, age at diagnosis of NHL (< 50 or > 50 years), or
study site. Radiation dose to the bladder among patients who
received cyclophosphamide was significantly associated with
bladder cancer risk (P = .01) when added to a model that ad-
justed for cumulative amount of cyclophosphamide,

Excesses of bladder malignancies in relation to both cyclo-
phosphamide and radiotherapy were further examined by divid-
ing dose of cyclophosphamide into two categories (<20 g and
> 20 g) and adjusting for the administration of radiation with a
categorical (yes/no) variable (Table 5). Patients who received a
cumulative dose of less than 20 g cyclophosphamide without
radiotherapy had no demonstrable increased risk of bladder can-
cer (RR = 1.0; 95% CI = 0.2-4.3). A nonsignificant threefold
risk was noted for subjects who received less than 20 g of
cyclophosphamide accompanied by radiotherapy. Significantly
increased risks of bladder cancer were apparent among patients
given higher cumulative doses (220 g). Within this high-dose
group, bladder cancer excesses varied according to the ad-
ministration of radiotherapy, with eightfold risks apparent in
patients whose treatment included both modalities, and fourfold
risks among those who received cyclophosphamide alone.

Kidney Cancer

Among NHL patients included in the study of secondary kid-
ney cancer, similar proportions (47%) of case and control sub-
jects were treated with cyclophosphamide (Table 1). One case
subject and five control subjects within this group also received
radiotherapy. Cyclophosphamide was usually given as single-
agent therapy (two case subjects and five control subjects) or in
combination chemotherapy regimens such as COPP (two case
subjects and seven control subjects), CVP (one case subject and
three control subjects), BACOP (one control subject), and
CHOP (one control subject), Combinations of the above
regimens were administered to two case subjects and three con-



trol subjects, whereas other cyclophosphamide-containing com-
bination chemotherapy was given to one case subject and two
control subjects. Median cumulative doses of cyclophosphamide
were higher for case subjects (20.8 g; range, 5.7-48 g) than for
control subjects (11.0 g; range, 2.2-72 g). Other drugs ad-
ministered to these patients included etoposide (one case subject
and one control subject) and prednimustine (two case subjects
and one control subject).

Among subjects treated with radiotherapy without cyclophos-
phamide, the median radiation dose to the kidney was greater
for case subjects (12.8 Gy; range, 4.2-45 Gy) than for control
subjects (4.8 Gy; range, 1.6- 10.9 Gy). Other cytotoxic agents

*Median cumulative dose of cyclophosphamide or median duration of therapy were not administered to patients in this treatment group.
among all patients within the specified category.

†The referent group consists of six case subjects and 42 control subjects who
Neither cyclophosphamide nor radiotherapy was associated

did not meet exposure criteria (see Table 1,‡ footnote). The multivariate model with excesses of kidney cancer, with overall risks of 1.2 and 1.3,
also included terms for patients who received radiotherapy without cyclophos- respectively (Table 6). Risk did not vary significantly by dose of
phamide (six case subjects and 16 control subjects) or for whom radiotherapy
status was unknown (one case subject and one control subject).

cyclophosphamide, although NHL patients who received 20 g or
‡The minimum cumulative dose of cyclophosphamide in this group was 2.1 g. value for tend = .13).  Evaluation of any interaction between
§P<.05.
¶P for trend < .005.

radiation and cyclophosphamide was not possible, given the
small number of patients who received both treatments.

This study is the largest investigation of secondary bladder
cancer following cyclophosphamide therapy that includes infor-
mation on cumulative amount and quantifies the risk associated
with successively increasing dose levels of this widely used
therapeutic agent. In addition, this is one of the few studies to
simultaneously evaluate the role of cyclophosphamide and
radiation in bladder carcinogenesis. New observations include
the quantification of bladder cancer risk over a wide range of
cyclophosphamide doses and recognition of a possibly additive
relationship with radiotherapy in the development of bladder
malignancy.

Our overall 4.5-fold estimate of bladder cancer risk following
cyclophosphamide is somewhat lower than the sevenfold to 10-
fold risks found in other analytic series, which may reflect dif-
ferences in cumulative dose (2,3). Kinlen (2) reported a 10-fold
risk of bladder cancer (five cases observed) among 416 patients
who received cyclophosphamide as immunosuppressive treat-
ment for three or more months, although descriptions of dose or
duration of therapy were not provided. In a study of secondary
bladder cancer among 471 NHL patients treated with cyclophos-
phamide. the associated risk was approximately sevenfold (3).
The high. narrow range of cumulative doses of cyclophos-
phamide (range, 83-129 g; median, 110 g) and the small number
of bladder cancers (n = 7) in this series (3), however, precluded
evaluation of a dose–response relationship.

Other than the risk estimates reported by Kinlen (2) and
Pedersen-Bjergaard et al. (3), there are few analytic descriptions
of the association between cyclophosphamide and bladder can-
cer that utilize modem statistical methods. The paucity of data is
somewhat surprising, given the widespread use of cyclophos-
phamide. which is now administered to about half a million
patients each year (4). The relationship between cyclophos-
phamide and bladder cancer typically has been documented by
occasional case reports describing patients [a total of 34 accord-
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ing to one review (24)] who received large cumulative doses
(median, 164 g; range, 3-1100 g). Whether these results reflect
biased reporting of bladder malignancy following high cumula-
tive doses of cyclophosphamide but not low doses is unknown.
Our study of bladder cancer, set within a large, well-defined
cohort of NHL patients, provides important new information
describing the risk of bladder malignancy associated with a
spectrum of cyclophosphamide doses. Sixfold risks of bladder
cancer followed cumulative amounts of 20-50 g, with RRs of
14.5 associated with doses of 50 g or more. Although bladder
cancer excesses among subjects who received less than 20 g
seemed confined to those individuals treated with radiotherapy,
the small number of subjects in this subgroup analysis, with as-
sociated wide CIs for risk estimates, warrants cautious inter-
pretation.

Bladder cancer following cyclophosphamide therapy does not
appear related to drug-induced hemorrhagic cystitis (3), an
observation that mitigates concern that evaluation of this side ef-
fect could lead to a spurious association between cyclophos-
phamide and bladder malignancy. Of course, it is possible,
although unlikely, that some clinicians may request periodic
urine cytologic evaluations for any patient being treated with
cyclophosphamide. Any such practice, however, would primari-
ly result in diagnosis of bladder malignancy at less invasive
stages than in the general population, since cancers at this site
are eventually detected; risk estimates of the relationship be-
tween cyclophosphamide and bladder cancer should not be
grossly distorted.

The effects of combined cyclophosphamide and radiation ex-
posure in the development of human bladder malignancy have
not been previously described to our knowledge. Our results
alert clinicians that the risk of treatment-induced bladder cancer
may be greater when both cyclophosphamide and radiotherapy
are employed than when only single modality therapy is given.
An increased incidence of toxic effects to the bladder was pre-
viously noted among children with Hodgkin’s disease or
Ewing’s sarcoma treated with both pelvic radiotherapy and
cyclophosphamide (25). The number and severity of bladder-re-
lated complications among these patients prompted the authors
to advise consideration of an alkylating agent other than
cyclophosphamide for subjects who receive or will receive
radiotherapy to the pelvic area (25), It is unlikely, however, that
procedures now known to temper cyclophosphamide-induced
bladder toxicity, such as intensive intravenous hydration or ad-
ministration of sodium 2-mercaptoethane-sulfonate (26), were
undertaken in this population (25).

Cyclophosphamide produces a general hyperplasia of both
bladder epitheliums and endothelium (27). Since radiation has
typically been thought to act as an initiating agent in car-
cinogenesis, it has been speculated that cyclophosphamide-in-
duced proliferation might contribute to an earlier expression of
radiation injury (28). Recent evidence, however, suggests that
acrolein, the major toxic metabolize of cyclophosphamide, in-
itiates bladder carcinogenesis in the rat (29). Other preclinical
studies (28) show [hat the increased severity of bladder damage
following treatment with both cyclophosphamide and radiation
is not strongly related to the sequence or time interval between
the two agents. An ongoing molecular component of our inves-

tigation seeks to define the spectrum of genetic mutations within
secondary bladder cancers in relationship to prior treatment with
cyclophosphamide, with or without radiotherapy.

The magnitude of the nonsignificant 2.8-fold risk of bladder
malignancy following radiotherapy without cyclophosphamide
in our series is consistent with prior studies of cancer mortality
among atomic bomb survivors (.30) and women irradiated for
benign gynecologic disorders (31). In the largest study (32) to
date of radiation-associated bladder cancer, women who
received high doses (30-60 Gy) to this organ during treatment
for cervical cancer demonstrated a fourfold risk of secondary
bladder malignancy.

Significantly increased risks for renal cell carcinoma follow-
ing NHL have been noted in data reported to cancer registries
participating in the Surveillance, Epidemiology, and End
Results (SEER) Program1 of the National Cancer Institute (NCI)
(19) and in our international cohort study (5). In the present in-
vestigation, neither cyclophosphamide nor radiation was sig-
nificantly associated with kidney cancer excesses, although
numbers in our study may have been too small to allow detec-
tion of increased risks. Although the mechanisms for the
elevated risks of renal cell carcinoma following NHL are not
known, future studies should also evaluate the role of diagnostic
surveillance during patient follow-up.

Our results should be interpreted within the context of several
strengths and weaknesses of this international investigation. The
strengths of our study include the near-complete ascertainment
of chemotherapy and radiotherapy data and the substantial num-
ber of NHL patients (more than 6100 2-year survivors) included
in the underlying cohort. A limitation is the relatively small
number of cancers, 48 total, which restricts the inferences that
can be drawn when subgroup analyses are undertaken. Never-
theless, our results clearly indicate that the risk of bladder
cancer is closely related to cumulative amount of cyclo-
phosphamide and is likely heightened by radiotherapy that
results in a significant dose to the bladder.

Utilizing data from the underlying NHL population (5)
together with the results of this study, it can be estimated that an
excess of three bladder cancers might be expected among 100
NHL patients treated with cumulative doses of cyclophos-
phamide between 20 g and 50 g and followed for 15 years. At
total amounts of 50 g or more, an excess of seven bladder can-
cers per 100 patients might result. As always, the risk of sub-
sequent bladder malignancy and other late effects of
cyclophosphamide must be weighed against the therapeutic gain
achieved through its use. Risk-benefit issues vary for different
diseases, particularly non-neoplastic disorders in which concern
already exists that the toxicity of long-term cyclophosphamide
might outweigh the available therapeutic benefit (33). Our quan-
tification of one of the most serious late sequelae of cyclophos-
phamide therapy, i.e., bladder cancer, enables more rigorous
assessment of this facet of the risk-benefit equation.
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